The study aimed to evaluate the effect of operating parameters of the sprinkler Super 10, manufactured by NaanDanJain, with green, yellow and blue nozzles on the hydraulic characterization, so that this information can contribute to a better dimensioning of systems and management of irrigated areas. For the determination of UC and UD the radial method was used and with the aid of computer application CATCH 3D the overlapping of water slides with ten spacings was calculated. The results demonstrate that the mechanism used for the fractionation of the water jet of sprinkler Super 10 is efficient because it presented good uniformity of water distribution and low amplitude of precipitation. For high uniformity of distribution of water in the larger wetting radii, it is recommended to work with Super 10 sprinkler using the green nozzle, with a pressure of 40 mH2O and spacing between sprinklers and lateral lines 12 × 12 m.
Introduction
The sprinkler irrigation is an important method that distributes discrete water droplets through air, similar to rain, and it is a technique that allows the development and maintenance of production in periods of water stress. The universe of devices used for spraying has grown in recent decades, with the use of impact sprinklers of single or double nozzles with different diameters and deflector arms, which modify the droplet size and pattern of distribution of water.
However, the increasing use of water for irrigation purposes has aroused the preoccupation of the public and the political leadership, due to impacts to the environment caused by any misuse of water by irrigators [1] . The increase in water scarcity and wrong dimensioning of irrigation systems has threatened the viability and sustainability of agricultural production [2] . Therewith, the increase of productivity rates and higher profitability of farming systems invariably pass through the conservation management of water and soil resources, considering that soil and water are the essential components for sustaining food production for the world population [3] .
Given this, irrigated agriculture, largest user of water in the world, has suffered social and economic pressure to mainly reduce water consumption. Thereby, improving the use of resources has become a challenge for irrigators who, by the necessity of prioritizing the application of water more accurately, need to know the main characteristics of the equipment to be used, to prepare them for better use in field conditions [4] [5] .
Given the current environmental appeal and having NaanDanJain Super 10 sprinkler a differential distribution of water, the present study aimed to evaluate the effects of the operating parameters of the sprinkler, with green, yellow and blue nozzles, operating at pressures of 25, 30, 35 and 40 mH 2 O and using a computational applicative, to predict the uniformity in the application of water, in order to generate scenarios that may contribute to a better dimensioning of systems and management of irrigated areas with the aforementioned sprinkler.
Materials and Methods

Local Features
This work was conducted at the Laboratory of Hydraulics of Centro Universitário de Patos de Minas (UNIPAM), in the city of Patos de Minas, MG, and it was developed using polyacetal plastic rotary sprinkler with green, yellow and blue nozzles, manufactured by NaanDanJain, model Super 10, used to irrigate pastures, greenhouses crops, landscaping, among others. The sprinkler presents a full circle (360˚) mechanism through an internal ball that moves along the body of the sprinkler, unlike conventional sprinklers, which have an auxiliary deflector arm for rotation and fractionation of water jet.
Technical Characteristics of the Sprinkler Super 10
The fractionation of the water jet is accomplished through the combined effect of the rotational movement and the presence of two orifices in the sprinkler nozzle: A circular hole positioned at the center of the nozzle, which sprinkles water to longer distances along the sprinkler radius of wetting; and the another hole, non-circular, just below the circular one, with a rectangular geometric shape for the green nozzle and composed of two rectangles for the blue and yellow nozzles, which sprinkles water nearby the equipment.
According to the manufacturer information, for the green nozzle flow rates range from 0.550 m 
Experimental Procedures for Hydraulic Characterization
In order to allow the use of three sprinklers as replicates, the coefficient of manufacturing variation (CV) [6] was determined from the flow through the test of the volume of water collected in function of time and pressure. For this purpose, tests were initially performed with three sprinklers, determining the flow rates measured at four pressures (25, 30, 35 , 40 mH 2 O), making it possible to calculate the CV with Equation (1), which proves the representatively of the sprinklers as replicates. This representatively was based on Solomon's classification of uniformity of flow [6] . ); and n-number of emitters of lot sampling. The methodology used to evaluate the uniformity of irrigation was based on CU [7] and UD [8] indices. For this, the radial method was used [9] , causing a spreading of equally spaced collectors and forming a radial line from the base of the sprinkler, spaced every 0.5 m on a paved surface. For precipitation values corresponding to approximately 0 m from the sprinkler, four collectors disposed 0.05 m from the elevation pipe of the sprinkler, forming a square around the sprinkler.
The control of operating pressure in each test was performed using two Bourdon manometers, one was coupled at the base of the sprinkler and the other at the pump outlet, both previously calibrated in the laboratory with the mercury manometer. The pressure adjustment was performed with records installed at the pump outlet and at the sprinkler rising stem.
Assays for determining technical feature of the sprinkler were performed under conditions of wind inferior to 2.0 m·s −1 , as specified by ABNT [10] . The duration of each test was 60 minutes and time control was conducted with precise timer.
Computational application CATCH 3D version 4.45 [11] was used for the calculation of UC and UD in conditions of overlapping blades with different spacing. The results for the overlap and determination of UC and UD of water by sprinkler were based on rainfall data and spacings (6 × 6, 6 × 9, 6 × 12, 8 × 8, 9 × 9, 9 × 10, 9 × 12, 10 × 10, 10 × 12 and 12 × 12 m) between sprinklers and between lateral lines, respectively, were simulated. The interpretation of the values of UC and UD was based on the propositions of Mantovani [12] ( Table 1) .
Flow-Pressure Characteristic Curve
Based on average flow rates obtained for each operating pressure and different nozzles, the characteristic equation was set according to Keller and Karmeli [13] (Equation (2)).
where in: Q-flow (m 3 ·h
); H-pressure (mH 2 O.); and K n -Parameters setting.
Results and Discussion
Determination of the Flow Rate and the Coefficient of Manufacturing Variation (CV)
The variation in the manufacturing of sprinklers according to the pressures studied is classified according to Solomon [6] and represented by CV, as shown in Table 2 . It was observed that the sprinkler Super 10 showed a variation of CV between 0.75% and 2.09%, therefore it [6] and it showed little variation in the flow of issuers due to the manufacturing process. In general, it can be seen from Table 2 that higher CV were predominantly found at low pressures. Corroborate the results found by Martins et al. [1] and Guirra et al. [14] , which also indicated little variation in water flow emitters due to differences in manufacturing of other sprinklers from the company NaanDanJain (models 427 and 435). Importantly, the uniformity of water distribution is dependent on the accuracy with which the sprinklers are manufactured, that explains the importance of low values of CV to validate the sprinkler as repetitions in tests of uniformity [15] .
In Tables 3-5 , the average values of the flow due to the different operating pressure tests, as well as the flow rate provided in the manufacturer's catalog are presented. It is observed that the flow data obtained in relation to the data reported by the manufacturer ranged up to 4% and they are in compliance with ABNT [10] , which determine variation limit of 5% for sprinklers with higher nominal flow rate of 250 L·h −1 . From the flow data obtained from each input pressure for the tests the pressure-flow characteristic equation for the green, yellow and blue nozzles was determined, as proposed by Keller and Karmeli [13] (Figures 1-3) .
In all cases (Figures 1-3) , it is observed from the analysis of the coefficient of determination (R 2 ) good fit of the data to the models obtained for pressure ranges 25 -40 H 2 O. The R 2 obtained ranged from 0.98 to 1. It is observed also that the exponent "n" tended to 0.5 for the three nozzles, featuring the sprinkler as an emitter of turbulent flow [10] . Tables 6-8 show the calculated average values of UC and UD for sprinkler Super 10 with green, yellow and blue nozzles, for the row 6 × 6, 6 × 9, 6 × 12, 8 × 8, 9 × 9, 9 × 10, 9 × 12, 10 × 10, 10 × 12 and 12 × 12 m, at pressures of 25, 30, 35 and 40 mH 2 O using the CATCH-3D computational application [11] .
Radial Profile and Uniformity of Water Distribution
The values of UC and UD were evaluated as proposed by Mantovani [12] and according to Tables 6-8 , it can be seen that for the vast majority of data UC and UD values decreased with increasing spacing sprinklers for all pressures and for three different nozzles reviews, which corroborates similar findings by Faria et al. [16] , Martins et al. [1] and Ribeiro et al. [17] . It can be seen in Table 6 , for the green nozzle, that 65% of the evaluated spacings showed maximum degree classification of combined UC and UD, as proposed by Mantovani [12] ; for yellow nozzle ( Table 7) , 45% of the data set found; and for the blue nozzle (Table 8), 57.5%.
As to the recommendations of spacings, it can be seen in Table 7 and Table 8 that for the yellow and blue nozzles, the best UC and UD results were obtained for the spacing 10 × 10 m, at pressures of 30, 35 and 40 mH 2 O. The pressure of 25 H 2 O presented results classified as "good" as proposed by Mantovani [12] , however it is worth emphasizing, as Ribeiro et al. [17] , Rocha et al. [18] and Rezende et al. [19] , that the water redistributes in the soil over time because of its tendency to move from wetter regions to the lower humidity, increasing the uniformity and thus the UC and UD indexes.
According to Ribeiro et al. [17] , greater spacing will result in fewer emitters in the lateral line reducing flow and pipe diameter and, consequently, the energy consumption of the pumping system; as for the green nozzle (Table 6 ), high distribution uniformity was obtained in 12 × 12 m spacing. Corroborate the results found by Yacoubi et al. [20] and Martins et al. [1] , who have reported the influence of the pressure on the uniformity of irrigation systems. It is worth noting that although the increased pressure positively influences the uniformity of water distribution, as observed by Yacoubi et al. [20] and El-Berry et al. [21] who reported that higher pressures lead to higher energy demand, and since the electricity supply is limited, it is necessary to encourage a more efficient use of it [22] .
Regarding the radial distribution profile of water, it is observed in Figures 4-6 that for the three nozzles studied the distribution profiles showed precipitation of small amplitude (<3.5 mm for green nozzle; <4.1 mm to yellow nozzle; <4.3 mm for the blue nozzle), according to Sanchez et al. [23] , justifying the good uniformity of water distribution obtained in the calculated conditions, due to the intimate relationship between the wet radial profile and the UC. The combined effect of circular hole (long range) and non-circular hole (low-medium range) can also be added, because as noted by Li et al. [24] , nozzles with non-circular holes may have acceptable water distribution along the radius contributing to the effect of low amplitude of precipitation along the wet radius and high distribution uniformity.
The results observed for the profile of the radial distribution of water differ from the results found by Martins et al. [1] and Guirra et al. [14] , who evaluated respectively the radial distribution profile for the sprinkler 427 and 435 under different settings of the deflector arm with pressures between 15 -40 mH 2 O to the sprinkler 427 and between 20 to 40 mH 2 O for the sprinkler 435. Although the devices (Super 10, 427 and 435) work in similar pressure and flow groups and present similar wettability rays, the differential mechanism for the water fractionation of Super 10 sprinkler is more efficient than the deflector arm, for Super 10 showed a more uniform distribution profile and smaller amplitudes, following the same pattern for all tested pressures. It is also worth emphasizing that when compared between these three works, the UC and UD indexes in equally evaluated spacings (6 × 6, three studies) , the sprinkler Super 10 remained the best performance, for it showed 58.3% of all UC and UD data classified as "Excellent" as proposed by Mantovani [12] , while the sprinkler 427 showed 32% and the sprinkler 435, 18%. Only the sprinkler Super 10 showed high uniformity of distribution calculated at wider spacing (12 × 12 m). As water scarcity in agriculture becomes a major problem especially because of the demand from non-agricultural uses and intensive management of existing farmland to suit the needs of the population, the efficient use of available irrigation water is therefore an important concern [25] .
Compared to typical behavior found in the literature for the geometric shape of the curve formed by the radial profile (triangular, rectangular and elliptical) cited by Prado et al. [26] , it was not observed for the sprinkler Super 10 in Figures 4-6 , any of three behaviors, but the combination of all. Similar behavior was observed by Stambouli et al. [27] using the sprinkler RC130-BY manufactured by Riegos Costa. Montero et al. [28] reported that sprinklers which have a more uniform water distribution profile suffer less influence of the wind (one of the agents which influence the uniformity of distribution of water) compared with sprinklers which have water radial distribution profile with geometry tending triangular, as the sprinklers 427 [1] and the sprinkler 435 [14] . According to Stambouli et al. [27] the information observed in catalogs of manufacturers are very limited and insufficient for purposes of sprinkler designs, and it is fundamental for the development of a good design that the standard radial distribution depending on the characteristics of operating equipment are part of the technical information provided by the manufacturer in their catalog.
Regarding the wetting radius, in Table 9 , the average values of the radius of wetting of Super 10 are presented. It can be seen, for green nozzle, when pressures are over 35 mH 2 O, increasing radius of wetting due to the increase of the operating pressure. For the blue and yellow nozzles, it was noted that the radius remained constant regardless of operating pressure. In general, the higher flow nozzle (green) showed greater radius of wetting compared to other nozzles used (R green > R yellow > R blue ).
Conclusions
The mechanism of fractionating the jet of the sprinkler Super 10 proved to be very interesting and superior to the traditional deflector arm since such equipment showed high uniformity of water distribution, even in large gaps, and low amplitude of droplet diameters in most simulated situations. The radius of wetting was slightly influenced by the increase of the operating pressure of the device while maintaining good uniformity and low amplitude of intensity of precipitation between the points of the radial profile.
For high uniformity of distribution of water in the larger wetting radii, it is recommended to work with Super 10 sprinkler using the green nozzle, with a pressure of 40 H 2 O and spacing between sprinklers and lateral lines 12 × 12 m.
It is important to characterize the hydraulic irrigation equipment such as sustainable management tool for soil, water and agricultural activities, because when soil happens to be used for food production under irrigation means, when poorly planned, it may lead to imbalances in the soil-water-plant relationships and significant losses.
